Introduction
Vuilleumier (VM) type PTC is driven by a thermal compressor and has the potential advantages of compactness, long lifetime and a reasonable efficiency. Our group proposed a VM type PTC in which Stirling type pulse tube cryocoolers are used to provide the required cooling power for the thermal compressor. In this way, a cryogen-free system was built and working temperature difference of the thermal compressor can be easily adjusted. At present, a lowest no-load temperature below 10 K was obtained. Through numeric means, further optimization on the system for liquid helium temperature was carried out. Dependence of system performance on average pressure, frequency, displacer displacement amplitude and thermal compressor pre-cooling temperature were studied. Most importantly, evaluation of the influence of pre-cooling temperature on overall cooling efficiency at 5 K is performed.
System configuration

Simulation results and Discussion comparison
Influence of the operating parameters
The simulation was conducted using the SAGE program. In this section, calculations are carried out to find optimum lowest no-load temperature through investigating the influence of the frequency, average pressure and displacer displacement amplitude for thermal compressor.
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Influence of frequency and displacer displacement amplitude on low temperature stage PTC provide the required cooling capacity for the thermal compressor The frequency has significant influence on lowest no-load temperature and optimum frequency is around 5 Hz. Increasing the displacer displacement amplitude means larger acoustic power provided to low temperature stage PTC.
Influence of pre-cooling temperature on low temperature stage PTC A lowest no-load temperature of 5.0 K is obtained when pre-cooling temperature for thermal compressor is 87 K.
Overall efficiency evaluation with variable pre-cooling temperature
a cold end temperature of 5 K is selected pre-cooling temperature is modified ,which varies from 40 K to 87 K Relative Carnot efficiency η is defined as : there is an optimum pre-cooling temperature for the maximum efficiency.
at a pre-cooling temperature of 65 K for the thermal compressor, the relative Carnot efficiency reaches to about 0.82%.
Conclusions
Frequency and average pressure have significant influences on the lowest no-load temperature. There is an optimum pre-cooling temperature to achieve the maximum efficiency. At a pre-cooling temperature of 65 K for the thermal compressor, the relative Carnot efficiency reaches to about 0.82%. The cryogen-free VM type pulse tube cryocooler has important potential applications.
